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(54) COMPONENT MOUNTING DEVICE AND COMPONENT MOUNTING METHOD

(57) A component mounting device includes a head
main body, a shaft, a sleeve, a component holding sec-
tion, a first elastic member, a second elastic member,
and a detecting section. The shaft is provided on the head
main body so as to be lifted and lowered. The sleeve is
provided so as to be movable relative to the shaft in a
vertical direction. The component holding section is pro-
vided so as to be movable relative to the sleeve in the
vertical direction. The first elastic member biases the
sleeve positioned at a lower end of the shaft toward the
lower side in the vertical direction. The second elastic
member biases the component holding section posi-
tioned at the lower end of the sleeve toward the lower
side. The detecting section detects whether the sleeve
has moved relative to the shaft when the component held
by the component holding section is mounted to a board
by lifting and lowering the shaft.
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Description

Technical Field

[0001] The present specification describes a technique
related to a component mounting device and a compo-
nent mounting method.

Background Art

[0002] In the component conveyance device disclosed
in Patent Literature 1, a pickup member for picking up a
component is supported so as to be lifted and lowered
in a movable head unit. A tip portion of the pickup member
is provided so as to be swingable by a predetermined
amount in a direction in which the pickup member pro-
trudes and retracts with respect to a main body portion
of the pickup member, and is biased in a protruding state
by an elastic member.
[0003] In addition, the component conveyance device
includes a detection means and a nozzle abnormality
determination means. The detection means detects a po-
sition of the tip portion of the pickup member with respect
to the main body portion of the pickup member. The noz-
zle abnormality determination means detects, based on
the detection by the detection means, whether the posi-
tion of the tip portion of the pickup member is within a
normal range set in advance, and determines that there
is an abnormality when the position of the tip portion of
the pickup member is not within the normal range. As a
result, the component conveyance device disclosed in
Patent Literature 1 discriminates an abnormality caused
by, for example, decrease in a buffing function of the tip
portion of the pickup member.

Patent Literature

[0004] Patent Literature 1: JP-A-2006-114534 

Summary of the Invention

Technical Problem

[0005] However, the detection means disclosed in Pat-
ent Literature 1 detects the position of the tip portion of
the pickup member with respect to the main body portion
of the pickup member. In view of such circumstances,
the present specification describes a component mount-
ing device and a component mounting method capable
of more preferably detecting an abnormality of a compo-
nent holding member by a technique different from the
related art.

Solution to Problem

[0006] The present specification discloses a compo-
nent mounting device including a head main body, a
shaft, a sleeve, a component holding section, a first elas-

tic member, a second elastic member, and a detecting
section. The shaft is provided on the head main body so
as to be lifted and lowered. The sleeve is provided so as
to be movable relative to the shaft in a vertical direction.
The component holding section is provided so as to be
movable relative to the sleeve in the vertical direction.
The first elastic member biases the sleeve positioned at
a lower end of the shaft toward a lower side in the vertical
direction. The second elastic member biases the com-
ponent holding section positioned at the lower end of the
sleeve toward the lower side. The detecting section de-
tects whether the sleeve has moved relative to the shaft
when a component held by the component holding sec-
tion is mounted to the board by lifting and lowering the
shaft.
[0007] In addition, the present specification discloses
a component mounting method using a component
mounting device including a head main body, a shaft, a
sleeve, a component holding section, a first elastic mem-
ber, and a second elastic member, in which the compo-
nent mounting method includes a detecting step. The
shaft is provided on the head main body so as to be lifted
and lowered. The sleeve is provided so as to be movable
relative to the shaft in a vertical direction. The component
holding section is provided so as to be movable relative
to the sleeve in the vertical direction. The first elastic
member biases the sleeve positioned at a lower end of
the shaft toward a lower side in the vertical direction. The
second elastic member biases the component holding
section positioned at the lower end of the sleeve toward
the lower side. The detecting step detects whether the
sleeve has moved relative to the shaft when a component
held by the component holding section is mounted to the
board by lifting and lowering the shaft.

Advantageous Effect of the Invention

[0008] With the component mounting device described
above, the component mounting device including the
head main body, the shaft, the sleeve, the component
holding section, the first elastic member, and the second
elastic member includes the detecting section. As a re-
sult, the component mounting device can detect whether
the sleeve has moved relative to the shaft when mounting
the component to the board, so that it is possible to pref-
erably detect an abnormality of the component holding
member. Specifically, in a case where a movement re-
sistance between the component holding section and the
sleeve is small in a normal state of the component holding
member, the sleeve does not move relative to the shaft
against a biasing force of the first elastic member. On
the other hand, in a case where the component holding
member is in an abnormal state and the movement re-
sistance between the component holding section and the
sleeve increases, the sleeve moves relative to the shaft
against the biasing force of the first elastic member. Ac-
cordingly, the detecting section can preferably detect an
abnormality of the component holding member by de-
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tecting that the sleeve has moved relative to the shaft.
The above description of the component mounting device
can be similarly applied to the component mounting
method.

Brief Description of Drawings

[0009]

Fig. 1 is a plan view showing a configuration example
of component mounting device 10.
Fig. 2 is a side view showing a configuration example
of mounting head 20 and head camera unit 40a.
Fig. 3 is an enlarged view showing a configuration
example of tool shaft 24.
Fig. 4 is a schematic view showing an example of
an attachment state when sleeve 30a is attached to
shaft 24a.
Fig. 5 is a cross-sectional view showing an example
of a positional relationship between sleeve 30a and
shaft 24a when a movement resistance is in a normal
state.
Fig. 6 is a view showing an example of a time-de-
pendent change of positions of sleeve 30a and shaft
24a in a vertical direction (a Z-axis direction) when
a movement resistance is in a normal state.
Fig. 7 is a cross-sectional view showing an example
of a positional relationship between sleeve 30a and
shaft 24a when a movement resistance is in an ab-
normal state.
Fig. 8 is a view showing an example of a time-de-
pendent change of positions of sleeve 30a and shaft
24a in a vertical direction (a Z-axis direction) when
a movement resistance is in an abnormal state.
Fig. 9 is a view showing an example of downward
view image data acquired by imaging of part camera
14.
Fig. 10 is a view showing an example of side view
image data PD1 acquired by imaging of head camera
unit 40a.

Description of Embodiments

1. Embodiment

1-1. Configuration example of component mounting de-
vice 10

[0010] Component mounting device 10 mounts multi-
ple components 91 on board 90. As shown in Fig. 1,
component mounting device 10 includes board convey-
ance device 11, component supply device 12, compo-
nent transfer device 13, part camera 14, board camera
15, and control device 16.
[0011] Board conveyance device 11 is configured by,
for example, a belt conveyor or the like, and conveys
board 90 in a conveyance direction (X-axis direction).
Board 90 is a circuit board and at least one of an electronic

circuit and an electrical circuit is formed. Board convey-
ance device 11 conveys board 90 into component mount-
ing device 10 and positions board 90 at a predetermined
position in component mounting device 10. After a
mounting process of multiple components 91 by compo-
nent mounting device 10 is ended, board conveyance
device 11 conveys board 90 out of component mounting
device 10.
[0012] Component supply device 12 supplies multiple
components 91 to be mounted on board 90. Component
supply device 12 includes multiple feeders 121 that are
provided along the conveyance direction of board 90 (X-
axis direction). Each of multiple feeders 121 pitch-feeds
a carrier tape (not shown) that stores multiple compo-
nents 91 to supply component 91, so that component 91
are supplied at a supply position positioned on a distal
end side of feeder 121 so as to be able to pick up. In
addition, component supply device 12 can supply rela-
tively large electronic components (for example, lead
components) as compared with chip components or the
like, in a state of being disposed on a tray.
[0013] Component transfer device 13 includes head
driving device 131 and moving body 132. Head driving
device 131 is configured to move moving body 132 in the
X-axis direction and the Y-axis direction by a linear mo-
tion mechanism. Mounting head 20 is detachably (ex-
changeably) provided to moving body 132 by a clamp
member (not shown). Component mounting head 20 us-
es at least one component holding member 30 to pick up
and hold component 91 supplied by component supply
device 12, and mounts component 91 on board 90 posi-
tioned by board conveyance device 11. Component hold-
ing member 30, for example, a suction nozzle, a chuck,
or the like can be used.
[0014] As part camera 14 and board camera 15, a well-
known imaging device can be used. Part camera 14 is
fixed to a base of component mounting device 10 such
that an optical axis faces upward in the vertical direction
(Z-axis direction). Part camera 14 can capture an image
of component 91 held by component holding member 30
from below. Board camera 15 is provided on moving body
132 of component transfer device 13 such that the optical
axis faces downward in the vertical direction (the Z-axis
direction). Board camera 15 can capture an image of
board 90 from above. Part camera 14 and board camera
15 perform imaging based on control signals transmitted
from control device 16. Image data captured by part cam-
era 14 and board camera 15 is transmitted to control
device 16.
[0015] Control device 16 includes well-known comput-
ing device and storage device, and a control circuit is
provided therein (both of which are not shown). Informa-
tion, image data, and the like output from various sensors
provided in component mounting device 10 are input to
control device 16. Control device 16 transmits the control
signals to each device based on a control program, a
predetermined mounting condition which is set in ad-
vance, and the like.
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[0016] For example, control device 16 causes board
camera 15 to capture an image of board 90 that is posi-
tioned by board conveyance device 11. Control device
16 performs image processing with respect to the image
captured by board camera 15 to recognize a positioning
state of board 90. In addition, control device 16 causes
component holding member 30 to pick up and hold com-
ponent 91 supplied by component supply device 12, and
causes part camera 14 to image component 91 held by
component holding member 30. Control device 16 per-
forms image processing with respect to the image cap-
tured by part camera 14 to recognize a holding posture
of component 91.
[0017] Control device 16 moves component holding
member 30 toward an upper side from a scheduled
mounting position which is set in advance by the control
program or the like. In addition, control device 16 corrects
the mounting planned position based on the positioning
state of board 90, the holding posture of component 91,
and the like, and sets a mounting position on which com-
ponent 91 is actually mounted. The scheduled mounting
position and mounting position include a rotation angle
in addition to the position (X-axis coordinate and Y-axis
coordinate).
[0018] Control device 16 corrects a target position (X-
axis coordinate and Y-axis coordinate) of component
holding member 30 and the rotation angle in accordance
with the mounting position. Control device 16 lowers
component holding member 30 at the corrected rotation
angle in the corrected target position, so that component
91 is mounted to board 90. Control device 16 repeats the
pick-and-place cycle described above to execute the
mounting process of mounting multiple components 91
on board 90.

1-2. Configuration example of mounting head 20

[0019] As shown in Fig. 2, mounting head 20 includes
head main body 21 clamped by moving body 132. Head
main body 21 is provided with rotary head 23 such that
a rotation angle can be indexed for each predetermined
angle by R-axis motor 22. Rotary head 23 includes mul-
tiple tool shafts 24 (for example, twelve) at equal intervals
in the circumferential direction on a circumference con-
centric with the R-axis. Rotary head 23 holds tool shaft
24 slidably in a θ-axis direction (the vertical direction in
Fig. 2) parallel to the Z-axis and the R-axis and rotatably
around the θ-axis.
[0020] Tool shaft 24 is biased upward with respect to
rotary head 23 by an elastic force of a spring (not shown).
As a result, tool shaft 24 is positioned at a lifting end in
an ordinary state where no external force is applied. Com-
ponent holding member 30 is detachably attached to a
lower end portion of tool shaft 24. At least positive pres-
sure air or negative pressure air is supplied to component
holding member 30 to pick up component 91. In addition,
when component holding member 30 is attached, tool
shaft 24 biases component holding member 30 down-

ward by the elastic force of the elastic member described
later.
[0021] Each of multiple component holding members
30 holds component 91 by supplying air to an air passage
of component holding member 30. Multiple component
holding members 30 are sequentially indexed to prede-
termined angle positions around the R-axis (for example,
lifting and lowering positions of tool shaft 24) by the ro-
tation of rotary head 23 in accordance with the driving of
R-axis motor 22.
[0022] As shown in Fig. 2, mounting head 20 includes
θ-axis motor 25 fixed to head main body 21. All tool shafts
24 are connected to an output shaft of θ-axis motor 25
such that rotational force can be transmitted via multiple
gears. Tool shaft 24 and component holding member 30
are rotated (rotated on its axis) integrally around the θ-
axis by the operation of θ-axis motor 25, so that the ro-
tation angle and the rotation speed are controlled.
[0023] In addition, head main body 21 is provided with
actuating member 26 so as to be movable in the vertical
direction (the Z-axis direction). Actuating member 26 is
lifted and lowered in the vertical direction (the Z-axis di-
rection) by ball screw mechanism 28 operated by driving
of Z-axis motor 27. Actuating member 26 includes lever
29 that can contact an upper end portion of tool shaft 24
that is indexed to the lifting and lowering position among
multiple tool shafts 24.
[0024] Lever 29 lowers in accordance with the down-
ward movement of actuating member 26 in the vertical
direction (the Z-axis direction). Lever 29 pushes tool shaft
24 downward in the vertical direction (the Z-axis direc-
tion) against the elastic force of the spring of tool shaft
24 in contact with lever 29, and causes tool shaft 24 to
lower. Tool shaft 24 and component holding member 30
are integrally lifted and lowered in the vertical direction
(the Z-axis direction) by the driving of Z-axis motor 27,
so that the position and the movement speed in the ver-
tical direction (the Z-axis direction) are controlled.
[0025] 1-3. Configuration example of tool shaft 24 and
component holding member 30 As shown in Fig. 3 to Fig.
5, tool shaft 24 of the present embodiment includes shaft
24a, first elastic member 24b, second elastic member
24c, and first member 24d. In addition, component hold-
ing member 30 includes sleeve 30a and component hold-
ing section 30b.
[0026] As described above, shaft 24a is provided on
head main body 21 so as to be lifted and lowered. In
addition, sleeve 30a is provided so as to be movable
relative to shaft 24a in the vertical direction (the Z-axis
direction). Further, first elastic member 24b biases sleeve
30a positioned at the lower end of shaft 24a toward the
lower side in the vertical direction (the Z-axis direction).
[0027] Specifically, as shown in Fig. 3 and Fig. 5,
sleeve 30a provided inside shaft 24a includes protruding
portion 30a1 protruding outwardly through shaft 24a. As
shown in Fig. 4, guide section 24a1 capable of guiding
protruding portion 30a1 when sleeve 30a is attached to
shaft 24a is formed on shaft 24a.
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[0028] Guide section 24a1 is formed in a groove shape
and includes first groove section 24a11, second groove
section 24a12, and third groove section 24a13. First
groove section 24a11 is formed so as to extend from the
lower end of shaft 24a toward the upper side in a vertical
direction (the Z-axis direction). Second groove section
24a12 is formed so as to extend in a horizontal direction
from an end portion of first groove section 24a11 on the
side opposite to the lower end of shaft 24a. Third groove
section 24a13 is formed so as to extend from an end
portion of second groove section 24a12 on the side op-
posite to first groove section 24a11 toward the lower side
in the vertical direction (the Z-axis direction).
[0029] A cross-sectional area of guide section 24a1
obtained by cutting guide section 24a1 in a plane per-
pendicular to the guide direction of protruding portion
30a1 is formed to be slightly larger than a cross-sectional
area of protruding portion 30a1. Accordingly, when
sleeve 30a is attached to shaft 24a, protruding portion
30a1 indicated by dashed lines in Fig. 4 can enter guide
section 24a1 from the lower end of shaft 24a and move
to the end point of guide section 24a1 (the end of third
groove section 24a13).
[0030] First member 24d provided outside shaft 24a is
a pressing member that presses protruding portion 30a1.
In addition, first elastic member 24b of the present em-
bodiment biases sleeve 30a toward the lower side via
first member 24d. Accordingly, first member 24d is inte-
grally movable with sleeve 30a. In addition, sleeve 30a
is movable relative to shaft 24a in the vertical direction
(the Z-axis direction).
[0031] Component holding section 30b is provided so
as to be movable relative to sleeve 30a in the vertical
direction (the Z-axis direction). Specifically, component
holding section 30b is provided inside sleeve 30a. In ad-
dition, second elastic member 24c biases component
holding section 30b positioned at the lower end of sleeve
30a toward the lower side. Accordingly, component hold-
ing section 30b is movable relative to sleeve 30a in the
vertical direction (the Z-axis direction). As shown in Fig.
5, second elastic member 24c of the present embodiment
biases component holding section 30b via the connection
member, and second elastic member 24c is provided
above first elastic member 24b in the vertical direction
(the Z-axis direction). In addition, second elastic member
24c of the present embodiment biases component hold-
ing section 30b toward the lower side with a smaller bi-
asing force than first elastic member 24b.

1-4. Configuration example of detecting section 16a

[0032] Foreign matter (for example, dust) may mix be-
tween component holding section 30b and sleeve 30a.
When foreign matter enters, the movement resistance
between component holding section 30b and sleeve 30a
increases, so that the relative movement between com-
ponent holding section 30b and sleeve 30a is made dif-
ficult. As a result, when component 91 held by component

holding section 30b is mounted to board 90, a load ap-
plied to component 91 may increase as compared with
before the movement resistance increases. Accordingly,
component mounting device 10 of the present embodi-
ment includes detecting section 16a. In addition, the bi-
asing force of first elastic member 24b is set such that
first elastic member 24b elastically deforms under a pre-
determined condition.
[0033] As shown in Fig. 1, control device 16 of com-
ponent mounting device 10 includes detecting section
16a when viewed as a control block. Detecting section
16a detects whether sleeve 30a has moved relative to
shaft 24a when component 91 held by component hold-
ing section 30b is mounted to board 90 by lifting and
lowering shaft 24a.
[0034] In addition, in the present specification, a state
in which the movement resistance between component
holding section 30b and sleeve 30a is equal to or less
than a predetermined value is referred to as a normal
state. A state in which the movement resistance between
component holding section 30b and sleeve 30a exceeds
a predetermined value is referred to as an abnormal
state. The predetermined value of the movement resist-
ance indicates an allowable value of the load applied to
component 91, and can be derived at the time of design-
ing first elastic member 24b by simulation, verification by
an actual device, or the like.
[0035] The biasing force of first elastic member 24b is
preferably set such that first elastic member 24b elasti-
cally deforms when the movement resistance is in an
abnormal state and shaft 24a lowers further after com-
ponent 91 reaches board 90 in the mounting operation
of mounting component 91 to board 90.
[0036] Fig. 5 shows an example of a positional rela-
tionship between sleeve 30a and shaft 24a when the
movement resistance is in a normal state. Fig. 5 is a
cross-sectional view obtained by cutting tool shaft 24 tak-
en along the axial line direction. Tool shaft 24 on the left
side in Fig. 5 shows a state in which component 91 reach-
es board 90 in the mounting operation. Tool shaft 24 on
the right side in Fig. 5 shows a state when shaft 24a
lowers further from the state of tool shaft 24 on the left
side.
[0037] In a case where shaft 24a lowers further after
the component 91 reaches board 90 in the mounting op-
eration when the movement resistance is in a normal
state, component holding section 30b moves relative to
sleeve 30a against the biasing force of second elastic
member 24c. As a result, the load applied to component
91 is reduced in comparison with a case where compo-
nent holding section 30b does not move relative to sleeve
30a. At this time, biasing force of first elastic member 24b
is the same as that of tool shaft 24 on the left side in Fig.
5, and first elastic member 24b is not elastically de-
formed. Accordingly, the positional relationship between
protruding portion 30a1 of sleeve 30a and shaft 24a is
maintained. That is, sleeve 30a can lower integrally with
shaft 24a.
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[0038] At this time, detecting section 16a detects that
sleeve 30a has not moved relative to shaft 24a. The po-
sition of protruding portion 30a1 of tool shaft 24 on the
right side in Fig. 5 lowers by deviation ΔZ1 in the vertical
direction (the Z-axis direction) as compared with tool
shaft 24 on the left side. In addition, the position of the
lower end of shaft 24a of tool shaft 24 on the right side
in Fig. 5 lowers by deviation ΔZ1 in the vertical direction
(the Z-axis direction) as compared with tool shaft 24 on
the left side.
[0039] Fig. 6 shows an example of the time-dependent
change in the positions of sleeve 30a and shaft 24a in
the vertical direction (the Z-axis direction) when the
movement resistance is in a normal state. A horizontal
axis in Fig. 6 represents time, and a vertical axis repre-
sents the position (height) in the vertical direction (the Z-
axis direction). Straight line L11 represents the position
(height) in the vertical direction (the Z-axis direction) of
protruding portion 30a1 when the movement resistance
is in a normal state. Straight line L12 represents the po-
sition (height) in the vertical direction (the Z-axis direc-
tion) of the lower end of shaft 24a when the movement
resistance is in a normal state. As represented by straight
lines L11 and L12, when the movement resistance is in
a normal state, a difference in the positions (heights) in
the vertical direction (the Z-axis direction) of sleeve 30a
(protruding portion 30a1) and shaft 24a is constant. That
is, Fig. 2 shows that the movement resistance is in a
normal state and sleeve 30a did not move relative to shaft
24a.
[0040] Fig. 7 shows an example of the positional rela-
tionship between sleeve 30a and shaft 24a when the
movement resistance is in an abnormal state. Fig. 5 is a
cross-sectional view obtained by cutting tool shaft 24 tak-
en along the axial line direction. Tool shaft 24 on the left
side in Fig. 5 shows a state in which component 91 reach-
es board 90 in the mounting operation. Tool shaft 24 on
the right side in Fig. 5 shows a state when shaft 24a
lowers further from the state of tool shaft 24 on the left
side.
[0041] In a case where shaft 24a lowers further after
component 91 reaches board 90 in the mounting opera-
tion when the movement resistance is in an abnormal
state, component holding section 30b and sleeve 30a
are stopped. The biasing force of first elastic member
24b at this time is set such that first elastic member 24b
elastically deforms. Accordingly, sleeve 30a moves rel-
ative to shaft 24a against the biasing force of first elastic
member 24b. As a result, the load applied to component
91 is reduced even when the movement resistance is in
an abnormal state. Specifically, protruding portion 30a1
of sleeve 30a and first member 24d that presses protrud-
ing portion 30a1 relatively move upward in the vertical
direction (the Z-axis direction) with respect to shaft 24a.
[0042] At this time, detecting section 16a detects that
sleeve 30a has moved relative to shaft 24a against the
biasing force of first elastic member 24b. The position of
protruding portion 30a1 of tool shaft 24 on the right side

in Fig. 7 is the same as that of tool shaft 24 on the left
side, but the position of the lower end of shaft 24a of tool
shaft 24 on the right side in Fig. 7 lowers by deviation
ΔZ1 in the vertical direction (the Z-axis direction) as com-
pared with tool shaft 24 on the left side.
[0043] Fig. 8 shows an example of the time-dependent
change in the positions of sleeve 30a and shaft 24a in
the vertical direction (the Z-axis direction) when the
movement resistance is in an abnormal state. A horizon-
tal axis in Fig. 6 represents time, and a vertical axis rep-
resents the position (height) in the vertical direction (the
Z-axis direction). Polygonal line L21 represents the po-
sition (height) in the vertical direction (the Z-axis direc-
tion) of protruding portion 30a1 when the movement re-
sistance is in an abnormal state. Straight line L22 repre-
sents the position (height) in the vertical direction (the Z-
axis direction) of the lower end of shaft 24a when the
movement resistance is in an abnormal state. As repre-
sented by polygonal line L21 and straight line L22, when
the movement resistance is in an abnormal state, a dif-
ference in the positions (heights) in the vertical direction
(the Z-axis direction) of sleeve 30a (protruding portion
30a1) and shaft 24a gradually increases from the middle.
That is, Fig. 8 shows that the movement resistance is in
an abnormal state, and sleeve 30a has moved relative
to shaft 24a.
[0044] As described above, detecting section 16a de-
tects whether sleeve 30a has moved relative to shaft 24a
when component 91 held by component holding section
30b is mounted to board 90 by lifting and lowering shaft
24a. Component mounting device 10 can acquire the nor-
mal state of the movement resistance (the normal state
of component holding member 30) when detecting sec-
tion 16a detects that sleeve 30a has not moved relative
to shaft 24a. In addition, component mounting device 10
can acquire the abnormal state of the movement resist-
ance (abnormal state of component holding member 30)
when detecting section 16a detects that sleeve 30a has
moved relative to shaft 24a. In the latter case, component
mounting device 10 can instruct the user to maintain com-
ponent holding member 30.

1-5. Example of detection of relative movement by de-
tecting section 16a

[0045] Component mounting device 10 preferably fur-
ther includes feature section FP1 and imaging device 40.
At this time, detecting section 16a preferably detects
whether sleeve 30a has moved relative to shaft 24a
based on the captured image of feature section FP1 cap-
tured by imaging device 40.
[0046] Feature section FP1 is provided on at least one
of first member 24d, sleeve 30a, and shaft 24a that is
integrally movable with sleeve 30a. Feature section FP1
may have various forms as long as detecting section 16a
can detect whether sleeve 30a has moved relative to
shaft 24a. Feature section FP1 is preferably a figure, a
character, a symbol, a three-dimensional shape or a
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color, or a combination thereof.
[0047] For example, in a case where a figure (for ex-
ample, a straight line or the like) is appended to an outer
peripheral portion of first member 24d, feature section
FP1 may include the figure. In addition, for example, in
a case where a name of a manufacturer, a type of a prod-
uct, a lot number, a figure such as a reference conform-
ance mark, a character, a symbol, or the like are append-
ed on the outer peripheral portion of first member 24d,
feature section FP1 may include these. Further, for ex-
ample, in a case where a three-dimensional shape such
as a recessed section or a protruding portion is formed
on the outer peripheral portion of first member 24d, fea-
ture section FP1 may include these. In addition, for ex-
ample, in a case where a color of a part of the outer
peripheral portion of first member 24d is different from
another part, feature section FP1 may include the color
of the part.
[0048] Furthermore, feature section FP1 may include
a combination of two or more of a figure, a character, a
symbol, a three-dimensional shape, and a color (referred
to as a coupling feature section in the present descrip-
tion). The coupling feature section may be a mere com-
bination of two or more of a figure, a character, a symbol,
a three-dimensional shape, and a color, or may be a com-
bination thereof. For example, in a case where a name
or the like of the manufacturer is stamped on the outer
peripheral portion of first member 24d, the stamping may
be the coupling feature section in which a figure, a char-
acter, or a symbol is coupled to a three-dimensional
shape.

1-6. Configuration example of head camera unit 40a

[0049] Imaging device 40 is fixed to head main body
21 and captures an image of feature section FP1. Imag-
ing device 40 is preferably head camera unit 40a that
captures an image of component 91 held by component
holding section 30b from a lateral side.
[0050] Fig. 2 shows a configuration example of head
camera unit 40a, and schematically shows an inner por-
tion of head camera unit 40a. As shown in Fig. 2, head
camera unit 40a is provided on mounting head 20, and
integrally moves with mounting head 20 in accordance
with the movement of moving body 132. Head camera
unit 40a uses component holding member 30 attached
to tool shaft 24, component 91 held by component holding
member 30, and feature section FP1 as a subject. Head
camera unit 40a irradiates the subject with light based
on an imaging command by control device 16 of compo-
nent mounting device 10 to image the subject from the
lateral side.
[0051] Here, as shown in Fig. 9, positions of two com-
ponent holding members 30 adjacent to component hold-
ing member 30 positioned in lifting and lowering position
H0 lifted and lowered by mounting head 20 are defined
as front standby position H-1 and rear standby position
H+1. Front standby position H-1 is a position at which

component holding member 30 to be indexed next time
to lifting and lowering position H0 by the rotation of rotary
head 23 is placed in standby. Rear standby position H+1
is a position at which component holding member 30 pre-
viously indexed to lifting and lowering position H0 by the
rotation of rotary head 23 is placed in standby.
[0052] As shown in Fig. 2, head camera unit 40a in-
cludes case 41, camera device 42, light source 43, re-
flection member 44, and optical member 45. Case 41 is
provided so as to surround a part of multiple component
holding members 30 disposed on the circumference of
rotary head 23 from the outer peripheral side. Camera
device 42 is provided on moving body 132 via mounting
head 20. Camera device 42 captures images of two com-
ponent holding members 30 positioned at front standby
position H-1 and rear standby position H+1, and an image
of component 91 held by component holding member 30
positioned at front standby position H-1. In addition, cam-
era device 42 captures the image of feature section FP1
of tool shaft 24 including component holding member 30
indexed to lifting and lowering position H0.
[0053] Light source 43 is disposed on a cylindrical inner
peripheral surface of case 41 facing component holding
member 30 and feature section FP1. Light source 43
performs irradiation of ultraviolet light in a center direction
of rotary head 23 (direction toward the R-axis). Reflection
member 44 is formed in a cylindrical shape and is dis-
posed coaxially with the R-axis at a lower end of rotary
head 23. Reflection member 44 reflects the ultraviolet
light irradiated from light source 43 on the cylindrical outer
peripheral surface to make visible light. In addition, light
source 43 irradiates feature section FP1 with visible light
without passing through reflection member 44.
[0054] Optical member 45 is disposed inside case 41
to form a light path from a subject to camera device 42.
Specifically, optical member 45 forms the light path such
that two component holding members 30 irradiated with
the reflected light reflected by reflection member 44 are
contained in the camera visual field of camera device 42.
In addition, optical member 45 forms the light path such
that feature section FP1 of tool shaft 24 including com-
ponent holding member 30 indexed to lifting and lowering
position H0 is contained in the camera visual field de-
scribed above.
[0055] Therefore, in rotary head 23, optical member
45 forms the light path such that the tip portion of two
component holding members 30 indexed to front standby
position H-1 and rear standby position H+1 and feature
section FP1 of tool shaft 24 having component holding
member 30 indexed to lifting and lowering position H0
are contained in the same camera visual field. As a result,
head camera unit 40a can capture the images of com-
ponent holding member 30, component 91, and feature
section FP1 in the same camera visual field. Side view
image data PD1 captured by camera device 42 is trans-
mitted to control device 16.
[0056] Side view image data PD1 shown in Fig. 10 is
defined into first region PD11, second region PD12, and
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third region PD13. First region PD11 is a region where
the image of the tip portion of component holding member
30 indexed to front standby position H-1 is captured. Sec-
ond region PD12 is a region where the image of the tip
portion of component holding member 30 indexed to rear
standby position H+1 is captured. Third region PD13 is
a region where the image of feature section FP1 of tool
shaft 24 is captured when component holding member
30 indexed to lifting and lowering position H0 is lowered
in the mounting process.
[0057] In addition, the images of component holding
member 30 and component 91 are simultaneously cap-
tured. Side view image data PD1 at this time is captured
such that a region where component holding member 30
and component 91 are present is shaded with reflection
member 44 as a background. In side view image data
PD1, image processing such as binarization is executed
in camera device 42 or control device 16, so that the
contrast with the background is emphasized.
[0058] As shown in Fig. 3, feature section FP1 of the
present embodiment is provided in first member 24d.
Specifically, feature section FP1 is a straight line at-
tached to the outer peripheral portion of first member
24d. As described above, sleeve 30a provided on the
inner side of shaft 24a includes protruding portion 30a1
protruding outward through shaft 24a. In addition, first
member 24d provided outside shaft 24a is a pressing
member that presses protruding portion 30a1. Further,
first elastic member 24b biases sleeve 30a toward the
lower side via first member 24d.
[0059] When shaft 24a is further lowered after compo-
nent 91 reaches board 90 in the mounting operation when
the movement resistance is in a normal state, sleeve 30a
is lowered integrally with shaft 24a. Accordingly, the
straight line attached to the outer peripheral portion of
first member 24d, which is feature section FP1, is lowered
in accordance with the lowering of shaft 24a. At this time,
head camera unit 40a continuously captures the image
of feature section FP1.
[0060] Detecting section 16a can acquire a change in
the position (height) in the vertical direction (the Z-axis
direction) of feature section FP1 with respect to reference
position RP1 of shaft 24a based on the captured image
of feature section FP1 captured by head camera unit 40a.
Reference position RP1 of shaft 24a is a virtual position
of shaft 24a in the captured image of feature section FP1
(third region PD13 shown in Fig. 10), and is lowered in
conjunction with the mounting operation. Reference po-
sition RP1 of shaft 24a of the present embodiment is a
part that is lowered in conjunction with the mounting op-
eration at the same position (height) as the position
(height) in the vertical direction (Z-axis direction) of fea-
ture section FP1 when the movement resistance is in the
normal state. As shown in Fig. 5, in a case where the
movement resistance is in the normal state, detecting
section 16a detects that sleeve 30a has not moved rel-
ative to shaft 24a since the position (height) in the vertical
direction (the Z-axis direction) of feature section FP1 is

the same as reference position RP1 of shaft 24a.
[0061] In a case where shaft 24a lowers further after
component 91 reaches board 90 in the mounting opera-
tion when the movement resistance is in an abnormal
state, component holding section 30b and sleeve 30a
are stopped. Accordingly, the straight line attached to the
outer peripheral portion of first member 24d, which is
feature section FP1, does not lower and maintains a pre-
determined position (height). At this time, head camera
unit 40a continuously captures an image of feature sec-
tion FP1, similarly to the case where the movement re-
sistance is in the normal state. As shown in Fig. 7, in this
case, detecting section 16a detects that sleeve 30a has
moved relative to shaft 24a against the biasing force of
first elastic member 24b since the position (height) in the
vertical direction (the Z-axis direction) of feature section
FP1 differs from reference position RP1 of shaft 24a.
[0062] Shaft 24a is lifted and lowered in the vertical
direction (the Z-axis direction) by the driving of Z-axis
motor 27 shown in Fig. 2. Accordingly, detecting section
16a can acquire reference position RP1 of shaft 24a
based on the detection result of a position detector (for
example, an encoder or the like) provided in Z-axis motor
27. In addition, reference position RP1 of shaft 24a may
be a position (height) that is spaced apart from feature
section FP1 in the vertical direction (the Z-axis direction)
by a predetermined amount when the movement resist-
ance is in the normal state, and may be a part that is
lowered in conjunction with the mounting operation. In
this case, detecting section 16a detects whether sleeve
30a has moved relative to shaft 24a based on whether
a distance between reference position RP1 of shaft 24a
and the vertical direction (the Z-axis direction) of feature
section FP1 is a predetermined amount.
[0063] Further, in a case where feature section FP1 is
provided on both first member 24d and shaft 24a, refer-
ence position RP1 of shaft 24a may be the position of
feature section FP1 provided on shaft 24a captured by
head camera unit 40a. In this case, detecting section 16a
acquires the position (height) in the vertical direction (the
Z-axis direction) between feature section FP1 provided
on shaft 24a indicating reference position RP1 of shaft
24a and feature section FP1 provided on first member
24d. Detecting section 16a detects, for example, that
sleeve 30a has not moved relative to shaft 24a when the
position (height) in the vertical direction (the Z-axis direc-
tion) of feature section FP1 provided in first member 24d
is the same as feature section FP1 (reference position
RP1 of shaft 24a) provided in shaft 24a. Detecting section
16a detects that sleeve 30a has moved relative to shaft
24a when the position (height) in the vertical direction
(the Z-axis direction) of feature section FP1 provided in
first member 24d is different from feature section FP1
(reference position RP1 of shaft 24a) provided in shaft
24a.
[0064] Feature section FP1 may also be provided in
sleeve 30a. In this case, shaft 24a preferably includes a
transmitting portion that transmits light. Sleeve 30a pro-
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vided inside shaft 24a may extend to the transmitting
portion. In addition, sleeve 30a may include an extension
member extending from the main body portion to the
transmitting portion of sleeve 30a. In any case, imaging
device 40 can capture an image of feature section FP1
via the transmitting portion.
[0065] Feature section FP1 may also be provided on
shaft 24a. In this case, when sleeve 30a has moved rel-
ative to shaft 24a, feature section FP1 is preferably pro-
vided so as to be covered by first member 24d. Detecting
section 16a detects that sleeve 30a has not moved rel-
ative to shaft 24a since an image of feature section FP1
is captured in the captured image captured by imaging
device 40. In addition, since the image of feature section
FP1 is not captured in the captured image captured by
imaging device 40, detecting section 16a detects that
sleeve 30a has moved relative to shaft 24a against the
biasing force of first elastic member 24b.
[0066] Light source 43 of head camera unit 40a can
directly irradiate feature section FP1 with ultraviolet light.
In this case, for example, feature section FP1 provided
on first member 24d may be formed of the same material
as reflection member 44. As a result, the ultraviolet light
irradiated from light source 43 is reflected by feature sec-
tion FP1 to be visible light, so that camera device 42 can
capture the image of feature section FP1. In this case,
the image of feature section FP1 is captured in a shadow
region where first member 24d is present.
[0067] In addition, shaft 24a may include slits on both
sides of reflection member 44 and camera device 42 in
the light path for capturing the image of feature section
FP1. In this case, when sleeve 30a does not move rela-
tive to shaft 24a, the reflected light reflected by reflection
member 44 passes through the slit and reaches camera
device 42, so that the reflected light may be shielded
when sleeve 30a has moved relative to shaft 24a.
[0068] Further, detecting section 16a may detect
whether sleeve 30a has moved relative to shaft 24a when
component 91 held by component holding section 30b
is mounted to board 90 by lifting and lowering shaft 24a,
and may take various forms other than a form using im-
aging device 40. For example, a light projector may be
provided on one of shaft 24a and sleeve 30a, and a light
receiver may be provided on the other of shaft 24a and
sleeve 30a. In this case, when sleeve 30a does not move
relative to shaft 24a, the light irradiated from the light
projector may reach the light receiver, and when sleeve
30a has moved relative to shaft 24a, the light irradiated
from the light projector may be shielded. Alternatively,
an electric contact may be used. In this case, the contact
may be electrically conductive when sleeve 30a does not
move relative to shaft 24a, and need not be electrically
conductive when sleeve 30a has moved relative to shaft
24a.

2. Component mounting method

[0069] The above description of component mounting

device 10 can be similarly applied to the component
mounting method. Specifically, the component mounting
method is a component mounting method using compo-
nent mounting device 10 including head main body 21,
shaft 24a, sleeve 30a, component holding section 30b,
first elastic member 24b, and second elastic member
24c, and includes a detecting step. The detecting step
corresponds to control performed by detecting section
16a. In addition, the component mounting method may
also include a notifying step of notifying the user of com-
ponent mounting device 10 of the detection result detect-
ed by the detecting step.

3. An example of effect of embodiment

[0070] With component mounting device 10, compo-
nent mounting device 10 including head main body 21,
shaft 24a, sleeve 30a, component holding section 30b,
first elastic member 24b, and second elastic member 24c
includes detecting section 16a. As a result, component
mounting device 10 can detect whether sleeve 30a has
moved relative to shaft 24a when mounting component
91 to board 90, so that it is possible to preferably detect
an abnormality of component holding member 30. Spe-
cifically, in a case where a movement resistance between
component holding section 30b and sleeve 30a is small
in a normal state of the component holding member 30,
sleeve 30a does not move relative to shaft 24a against
a biasing force of first elastic member 24b. On the other
hand, in a case where component holding member 30 is
in an abnormal state and the movement resistance be-
tween component holding section 30b and sleeve 30a
increases, sleeve 30a moves relative to shaft 24a against
the biasing force of first elastic member 24b. Accordingly,
detecting section 16a can preferably detect an abnormal-
ity of component holding member 30 by detecting that
sleeve 30a has moved relative to shaft 24a. The above
description of component mounting device 10 can be
similarly applied to the component mounting method.

Reference Signs List

[0071] 10: Component mounting device, 16a: Detect-
ing section, 21: Head main body, 24a: Shaft, 24b: First
elastic member, 24c: Second elastic member, 24d: First
member, 30a: Sleeve, 30a1: Protruding portion, 30b:
Component holding section, 40: Imaging device, 40a:
Head camera unit, 90: Board, 91: Component, FP1: Fea-
ture section, Z-axis direction: Vertical direction

Claims

1. A component mounting device comprising:

a head main body;
a shaft provided on the head main body so as
to be lifted and lowered;
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a sleeve provided so as to be movable relative
to the shaft in a vertical direction;
a component holding section provided so as to
be movable relative to the sleeve in the vertical
direction;
a first elastic member configured to bias the
sleeve positioned at a lower end of the shaft to-
ward a lower side in the vertical direction;
a second elastic member configured to bias the
component holding section positioned at a lower
end of the sleeve toward the lower side; and
a detecting section configured to detect whether
the sleeve has moved relative to the shaft when
a component held by the component holding
section is mounted on a board by lifting and low-
ering the shaft.

2. The component mounting device according to claim
1, wherein
the detecting section detects that the sleeve moves
relative to the shaft against a biasing force of the first
elastic member when the shaft lowers further after
the component reaches the board in a mounting op-
eration of mounting the component to the board.

3. The component mounting device according to claim
1 or 2, further comprising:

a feature section provided on at least one of a
first member integrally movable with the sleeve,
the sleeve, and the shaft; and
an imaging device fixed to the head main body
and capable of imaging the feature section,
wherein
the detecting section detects whether the sleeve
has moved relative to the shaft based on a cap-
tured image of the feature section imaged by the
imaging device.

4. The component mounting device according to claim
3, wherein

the sleeve provided inside the shaft includes a
protruding portion that protrudes outward
through the shaft,
the first member provided outside the shaft is a
pressing member that presses the protruding
portion,
the feature section is provided on the first mem-
ber, and
the first elastic member biases the sleeve toward
the lower side via the first member.

5. The component mounting device according to claim
3 or 4, wherein
the imaging device is a head camera unit that images
the component held by the component holding sec-
tion from a lateral side.

6. A component mounting method using a component
mounting device including

a head main body,
a shaft provided on the head main body so as
to be lifted and lowered,
a sleeve provided so as to be movable relative
to the shaft in a vertical direction,
a component holding section provided so as to
be movable relative to the sleeve in the vertical
direction,
a first elastic member configured to bias the
sleeve positioned at a lower end of the shaft to-
ward a lower side in the vertical direction, and
a second elastic member configured to bias the
component holding section positioned at a lower
end of the sleeve toward the lower side, the com-
ponent mounting method comprising:
a detecting step of detecting whether the sleeve
has moved relative to the shaft when a compo-
nent held by the component holding section is
mounted on a board by lifting and lowering the
shaft.
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